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The Kiwi-TNT Test
(Toonerville Trolley)
January 12, 1965

Control Drum Speed: 4000 deg/s

Maximum Excess Reactivity: 8.3$

Spike Yield: greater than 3E+20 fissions

“the heat vaporized some of the graphite, 
resulting in a colorful explosion that sent fuel 
elements flying through the air”



Objective of Research
• Inadvertent Criticality & Number of Fissions Method Development and Analysis 
Support
• “LANL will develop a defensible methodology for establishing the maximum 

number of fissions for postulated inadvertent criticality events.  The methodology 
may include several methods, such as hand calculations, sophisticated modeling, 
and the use of historical data.”  
• Historical test, Kiwi TNT, posed a starting point for predictive simulations to 

determine the number of fissions and excursion understanding.
• This presentation gives results of that effort.



Excursion Modeling

• The Thesis
• The ultimate reactivity quench mechanism is core disassembly via ejection of 

core material through coolant passages.

• The Simulation Model - Coupled Neutronic/Hydrodynamic Method
• Point-Reactor Kinetics Model
• Carbon Equation of State (EOS)
• Energy Equation
• Continuity Equations
• Fluid Mechanics
• 1-D (Radial) Discretization into 𝑖 zones



Point-Reactor Kinetics Model
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Reactivity Feedback (Core Density)

• One-Group Perturbation Theory

Δ𝜌 =
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• Core density change reactivity effect
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• Importance Factors
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Time Evolution 

• Probability of not initiating sustained chain prior to time 𝑡
• 𝑃() 𝑡 = 𝑒* ∫!
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Define:		𝑡 − 𝑡1#2 = 𝑡3#'- = 37 𝑚𝑠
𝑃() = 0.44 =	44%

• Excursion Time  
• 𝑡425678'&9 = 𝑡'9847-'&9 + 𝑡3#'- + 𝑡:4#,
• 𝑡425678'&9 = 45 𝑚𝑠 + 37 𝑚𝑠 + 33 𝑚𝑠 = 115 𝑚𝑠



Carbon EOS
Triple	Point	=	4530	K

Sublimation	line:

P=(1.3E+17)	*	exp(-1.09E+05/T)
Clausius-Clapeyron	Relationship:

𝑑𝑃
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=
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Heat	of	Sublimation:

ℎ"; = (1.09𝐸 + 5)𝑅;5
= 75.5 𝑀𝐽/𝑘𝑔



Energy Equation

• Below 1 atm (sensible heating)
𝜌'𝑉'𝐶:'
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• Above 1 atm and below the triple point
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Continuity Equations

• Vapor
𝑤<' = 𝑢'𝜌<4'𝐴'

• Liquid
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Fluid Mechanics - Vapor

• Bernoulli’s Principle (Compressible Flow)

• Vapor Jet Power
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Fluid Mechanics - Liquid

• Liquid “packet” acceleration (Impulse Principle)
Δ𝑚>'

𝑑𝑢>'
𝑑𝑡

= 𝑤<'(𝑢' − 𝑢>')

• Estimating 𝜏 , time to travel mean path
𝑙1: = i

A

=
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• Power required to move packets
𝑝>?' = 𝑤<'𝑢>'(𝑢' − 𝑢>')



Simulation Results

Reactivity  à

ß log(Power)



Simulation Results

• Peak Power: 6.3E+06 MW
• Spike Yield: 5.9E+20 fissions
• Pulse Duration: 0.0028 s
• Fraction of Core Vaporized/Melted: 27%
• Vapor Exit Temperature: 3775 K
• Vapor Exit Velocity: 2706 m/s
• Vapor Jet Power: 3.4E+03 MW



Summary

• Kiwi-TNT simulation model developed and tested
• Core density reactivity coefficient, core importance factors, and power 

distribution shape factors calculated using MCNP6.2
• Initiation probability model tested
• Carbon EOS and physical properties investigated
• Vapor transport based on Bernoulli’s Principle
• Phenomenological liquid transport model developed
• Simulation results indicate “colorful explosion”
• Future work involves Inadvertent Criticality Release Fractions

Determination and Analysis Support


